In an era of massive biodiversity loss, the greatest conservation success story has been the growth of protected land globally. Protected areas are the primary defense against biodiversity loss, but extensive human activity within their boundaries can undermine this. Using the most comprehensive global map of human pressure, we show that 6 million square kilometers (32.8%) of protected land is under intense human pressure. For protected areas designated before the Convention on Biological Diversity was ratified in 1992, 55% have since experienced human pressure increases. These increases were lowest in large, strict protected areas, showing that they are potentially effective, at least in some nations. Transparent reporting on human pressure within protected areas is now critical, as are global targets aimed at efforts required to halt biodiversity loss.
I n response to massive worldwide biodiversity loss (1) , the global extent of protected land has roughly doubled in size since the 1992 Earth Summit in Rio de Janeiro, Brazil, with more than 202,000 protected areas now covering 14.7% of the world's terrestrial area (2) . The recent expansion has been closely associated with Aichi Biodiversity Target 11, which mandates the inclusion of at least 17% of terrestrial areas in effectively managed and ecologically representative protected areas by 2020 (3) . Protected areas have various management objectives, ranging from strict biodiversity conservation areas [International Union for Conservation of Nature (IUCN) categories I and II] to zones permitting certain human activities and sustainable resource extraction (IUCN categories III to VI), but the primary objective of all protected areas with an IUCN category is to conserve nature (4). As such, maintaining the ecological integrity and natural condition of these areas is essential to ensure the protection of species, habitats, and the ecological and evolutionary processes that sustain them (3) .
The increasing growth and overall extent of protected areas is deservedly celebrated as a conservation success story (5), and there is no doubt that well-managed protected areas can preserve biodiversity (6, 7) . However, despite the clear relationship between human activities and biodiversity decline (8) , and the prevalence of these activities inside many protected areas (9) , there has been only one global assessment of multiple human pressures within protected areas (10) . This study mapped human pressure at a coarse scale, considered only a small subset of global protected areas (n = 8950), and did not consider many important human pressures, such as roads and navigable waterways (11) , livestock grazing (12) , and urbanization (13) . A comprehensive analysis of cumulative human pressure within protected areas, and how this has changed since the Convention on Biological Diversity was ratified in 1992, is necessary to assess how human pressure inside protected areas may impede progress toward international conservation targets (3) .
Here we use the most comprehensive global map of human pressure on the environment [the human footprint; (14) ] to quantify the extent and intensity of human pressure within protected areas and how this has changed since 1992. The human footprint provides a single pressure metric that combines data on built environments, intensive agriculture, pasture lands, human population density, nighttime lights, roads, railways, and navigable waterways (14) . The presence of these pressures is directly linked to constraints on and declines in biodiversity (8, 15, 16) . We delineate areas of intense human pressure in protected areas (human footprint ≥ 4; see methods) and explore how excluding these areas would affect measurements of progress toward Aichi Biodiversity Target 11. We also assess the impact of protected-area size and IUCN management category on patterns of human pressure within protected areas.
We find that the average human footprint score within protected areas is 3.3, almost 50% lower than the global mean of 6.16 (14) . Despite this, human activities are prevalent across many protected areas, with only 42% of protected land free of any measurable human pressure (figs. S1 and S2). Areas under intense human pressure make up 32.8% (6,005,249 km 2 ) of global protected land (Fig. 1) , and more than half (57%) of all protected areas contain only land under intense human pressure (concentrated in western Europe, southern Asia, and Africa; Fig. 1 ). Just 4334 protected areas (10% of analyzed areas; see methods) are completely free of intense human pressure ( Fig. 1) , and these primarily occur in remote areas of highlatitude nations, such as Russia and Canada. Protected areas with strict biodiversity conservation objectives (IUCN categories I and II) are subject to significantly lower levels of human pressure (Kruskal-Wallis test; H = 5045.2, P < 0.001; fig. S3A ), and a lower proportion of their area under is intense human pressure (KruskalWallis test; H = 4609.6, P < 0.001; fig. S3B ), compared to those permitting a wider range of human activities (Table 1 ). This effect is not sensitive to the threshold used to determine intense human pressure ( fig. S4) , and there are still a considerable number of less-strict protected areas (IUCN categories III to VI) under low human pressure ( fig. S4 ). Smaller protected areas are much more likely to have high levels of human pressure than larger protected areas ( Fig. 2 ; linear regression, t value = -58.02, P < 0.001). Nonetheless, many small protected areas contain low human pressure (Fig. 2) , and they can be crucial for providing habitat in highly modified landscapes (17) . This is especially true in protected areas where biodiversity has persisted under high human influence and traditional management practices (IUCN category VI) can maintain biodiversity values (18) .
Mean human pressure has increased substantially since the Earth Summit, both worldwide [9% increase; (14) ] and within protected areas (6% increase; table S1). Human pressure increased in 55% (n = 11,390) of protected areas designated in or before 1993, with substantial increases (mean human footprint increase > 1) occurring in 10% (n = 3966; fig. S5 ). Although strict protected areas (IUCN categories I and II) have the lowest current levels of human pressure, IUCN management category does not appear to affect the rate at which human pressure has increased (table S1). Protected areas designated after 1993 have a lower level of intense human pressure within their borders, compared to those designated in or before 1993, suggesting that recent protected-area establishment may be targeting a higher percentage of area under low human pressure (Table 1) .
The most concerning increases in human pressure are in those landscapes that were intact when a protected area was designated. Within protected areas designated during or before 1993, 280,000 km 2 of land has changed from a low-to an intense-human pressure category (table S1). Strict protected areas (IUCN categories I and II) lost far less of their low-pressure land than non-strict protected areas (3.6 versus 8%; fig. S6 ), and, by far, the largest losses occurred in those without an IUCN category (17%; fig. S6 ).
Human pressure inside protected areas is likely compromising national progress toward Convention on Biological Diversity obligations. Almost three-quarters of nations (n = 137, 70%) have >50% of their protected land under intense human pressure ( fig. S7 and table S2 ). If one assumes that protected land under intense human pressure does not contribute toward conservation targets, we show that 74 of the 111 nations that have reached a level of 17% protectedarea coverage would drop out of that list ( fig. S7  and table S2) . Moreover, the protection of some biomes (for example, mangroves and temperate forests) would decrease by >70% (Fig. 3A) . Although 301 (38% of) ecoregions (ecologically 2 of 4 similar areas) currently have more than 17% coverage inside protected areas (Fig. 3B) , excluding land subject to intense human pressure would almost halve this (n = 167, 21%; Fig. 3C ). These results make a clear case that nations reporting solely on the area of protected land may be overestimating the true level of protection for biodiversity and highlight the need for international reporting on protected areas to include robust, reproducible measures of human pressure and ecological condition (5) . It is also important to note that we are unable to capture the full range of human impacts on biodiversity, such as ecological shifts associated with changing climate and disturbance regimes (19) , which should also be incorporated into measures of protected-area condition.
Although we show that human pressure may be compromising the conservation value of protected lands worldwide, we are not suggesting that high-pressure protected areas be degazzetted (abolished) or defunded. On the contrary, it is crucial that nations recognize the profound conservation gains that can be realized by "upgrading" (increasing the strictness of protection zones) and restoring degraded protected areas, while respecting the needs of local people (20) . A crucial part of this will be combatting the chronic underfunding of protected areas worldwide, which will require recognizing and quantifying the return on investment that well-managed protected areas provide, through preservation of cultural heritage, improvements in economic and social well-being, and the natural capital they hold (21, 22) . Funding could also be increased through mechanisms that allow nations to trade or offset conservation funding and commitments, so wealthy nations can support conservation in poorer nations (23) . Our finding that there is no relationship between the degree of human pressure and IUCN categories III to VI points to a need for nations to categorize protected areas on the basis of consistent classifications of permitted human activities, which would ensure that IUCN categories better reflect the actual impacts of human activities within protected areas (24) .
We show that human pressure is prevalent within many protected areas, but our work is subject to three caveats. First, although we explore a scenario in which land under intense human pressure does not contribute toward conservation targets, some aspects of biodiversity can persist in areas of high human pressure [for example, mixed agricultural land (25) ], and some protected areas are intentionally placed in highpressure areas. Second, the human footprint does not account for all pressures affecting biodiversity, such as poaching or climate change. This is especially true for developing regions, where activities such as small-scale shifting agriculture and poaching are exerting considerable pressure on biodiversity in many protected areas (9) . Third, the human footprint measures the pressure humans place on the environment, not the realized state or impact on biodiversity. Further studies investigating how natural systems within protected areas respond to specific human pressures, or assessing the impacts of human pressure on biodiversity within protected areas at a local scale, would provide valuable additional information for measuring progress toward Convention on Biological Diversity commitments.
The Convention on Biological Diversity provides an opportunity to overcome one of society's grandest challenges-halting global biodiversity loss. Many nations report being on track to meet their commitments (2), but our analysis suggests that this progress may be undermined by widespread human pressure inside protected areas. As nations continue to expand their protectedarea estates, there is clearly an urgent need for them to undertake objective assessments of human pressure and habitat condition within protected areas. These efforts must be combined with better management practices in land beyond protected areas, to ensure that nature conservation goals can be more fully achieved across diverse landscapes in the long term. 
